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1. Introduction 
(QVXULQJ VDIHDQGSHUPDQHQW VWRUDJHRIFDUERQGLR[LGH LVHVVHQWLDO IRUDQ\FDUERQFDSWXUHDQGVWRUDJHSURMHFW
7KH*LQQLQGHUUDSURMHFWZDVGHVLJQHGWRHYDOXDWHWKHHIIHFWLYHQHVVRIGLIIHUHQWQHDUVXUIDFHPRQLWRULQJWHFKQLTXHV
IRUGHWHFWLQJDQGTXDQWLI\LQJ OHDNVDJDLQVWDNQRZQFDUERQGLR[LGH&2VRXUFH7UDFNLQJDQGPHDVXULQJNQRZQ
UHOHDVHVRIJUHHQKRXVHJDVHV LQ WKH ILHOG LV WKHPRVWHIIHFWLYHDSSURDFKIRUDVVHVVLQJFXUUHQWDQGGHYHORSLQJQHZ
PRQLWRULQJWHFKQLTXHV7KHFRQWUROOHGUHOHDVHIDFLOLW\LVDQ$XVWUDOLDQILUVWDQGRQHRIRQO\DIHZVLPLODUIDFLOLWLHV
DURXQG WKH ZRUOG >@ ,W LV GHVLJQHG WR VLPXODWH VXUIDFH HPLVVLRQV RI JUHHQKRXVH JDVHV VXFK DV &2 IURP WKH
JURXQGLQWRWKHDWPRVSKHUHXQGHUFRQWUROOHGFRQGLWLRQVRILQMHFWLRQUDWHDQGYROXPH7KHIDFLOLW\KDVEHHQGHVLJQHG




7KH $XVWUDOLDQ FOLPDWH DQG VRLOV DUH VXEVWDQWLDOO\ GLIIHUHQW FRPSDUHG WR RWKHU LQWHUQDWLRQDO FRQWUROOHG UHOHDVH
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2. Methods 
'HWDLOHGVXPPDULHVRIWKHH[SHULPHQWDOHTXLSPHQWDQGFRQGLWLRQVDUHSURYLGHGLQ.XVNHHWDO>@%ULHIO\D
 WRQQH OLTXLG&2 WDQN LV ORFDWHG DW WKH UHOHDVH IDFLOLW\ DQG WKH WDQNZDV UHILOOHG HYHU\RQHWZRZHHNV IRU WKH
GXUDWLRQRIWKHH[SHULPHQWV7KUHHUHOHDVHVZHUHFRQGXFWHGHDUO\)HE0D\NJGIRUGD\VZHW
VHDVRQODWH2FW'HFNJGIRUGD\VGU\VHDVRQDQG2FW'HFNJGIRUGD\V
GU\ VHDVRQ)LJXUH VKRZV D VFKHPDWLF GLDJUDPRI WKH KRUL]RQWDO XQGHUJURXQGSLSH LQVWDOOHG DW WKH*LQQLQGHUUD
FRQWUROOHGUHOHDVHIDFLOLW\&2ZDVUHOHDVHGIURPWKHPVORWWHG+'3(SLSHPXQGHUJURXQGIURPILYHP
















7HIORQ WXELQJ WR WKHVXUIDFH7KHZHOOVZHUHVHDOHGZLWKEHQWRQLWHDERYH WKHVFUHHQHG LQWHUYDO3ULRU WRVDPSOLQJ
DSSUR[LPDWHO\P/ZDVSXUJHG IURP WKH V\VWHPYLDD V\ULQJH DQG WKHQD VRLOJDV VDPSOHZDVSXPSHG LQWRD
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$LUERUQHK\SHUVSHFWUDO GDWD LQ WKH6:,5DQG91,5EDQGVZHUH FROOHFWHGXVLQJ D UHVHDUFK DLUFUDIW RI)OLQGHUV








GHSWK EHIRUH GXULQJ DQG DIWHU &2 UHOHDVH $OO VDPSOHV ZHUH PHDVXUHG IRU S+ DQG RWKHU SK\VLFRFKHPLFDO
SURSHUWLHV 6RLO '1$ ZDV H[WUDFWHG DQG DQDO\VHG IRU SRSXODWLRQ GLYHUVLW\ UHODWLRQVKLSV 6 51$ XVLQJ QH[W
JHQHUDWLRQVHTXHQFLQJDQGE\*HR&KLSDQDO\VLVIRUQHDUO\JHQHWLFIXQFWLRQDOJURXSV
3. Results and discussion 
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&DQROD VKRZHGDQ LQLWLDO YLVLEOH VWUHVV UHVSRQVH WRHOHYDWHG&2 LQ WKH VRLO]RQHDQG WKH OHDYHV WXUQHGSXUSOH
6LPLODU SODQW UHVSRQVHV DW HOHYDWHG &2 KDYH EHHQ REVHUYHG IRU 'DQGHOLRQ SODQWV E\ /DNNDUDMX HW DO >@ 7KH
SXUSOH FRORUDWLRQ GLVDSSHDUHG ZLWK RQJRLQJ &2 H[SRVXUH IRU WKH FDQROD SODQWV DV WKH\ GULHG RXW DQG GLHG 7KH
YLVLEOH H[WHQW RI WKH LPSDFW RQ WKH SODQWV ZDV LVRODWHG WR VPDOO VHFWLRQV GLUHFWO\ DERYH WKH KRUL]RQWDO ZHOO DQG
W\SLFDOO\ GHILQHG D FLUFXODU SDWWHUQ EHWZHHQ  WR P LQ GLDPHWHU 7KLV ZDV REVHUYHG LQ HDFK RI WKH FURS
H[SHULPHQWVEXWWKHORFDWLRQRIWKHVH&2DIIHFWHGDUHDVFKDQJHGEHWZHHQWKHH[SHULPHQWV






DQG  GD\V UHVSHFWLYHO\ )LJ  $ VLPLODU EXW OHVV SURQRXQFHG UHGXFWLRQ LV REVHUYHG IRU FKORURSK\OO $ DQG



















3.2. Airborne hyperspectral 
%URDGVFDOHOHDNGHWHFWLRQWHFKQRORJLHVDUHQHFHVVDU\IRUVXUYH\LQJDUHDVEH\RQGKLJKULVN ORFDWLRQVDQGDUHWKH
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3.4. Surface CO2 concentration map 
*HRUHIHUHQFHGQHDUVXUIDFH&2FRQFHQWUDWLRQPHDVXUHPHQWVXVLQJD/,&25&2DQDO\VHUDQG7UXPHWHUVXUYH\
ZKHHOZHUHXVHGWRORFDWH&2VXUIDFHOHDNV)LJ0DQXDOWUDYHUVHVDFURVVWKHILHOGXSDQGGRZQWKHFURSURZV
 P DSDUW SURYLGHG D UDSLG DVVHVVPHQW WRRO IRU LGHQWLI\LQJ DEHUUDWLRQV LQ &2 FRQFHQWUDWLRQ UHODWLYH WR
EDFNJURXQG OHYHO DW KLJK UHVROXWLRQ 7KHPHDVXUHPHQW RI &2 FRQFHQWUDWLRQV ZHUH GHWHUPLQHG E\ VDPSOLQJ DW D
FRQVWDQW KHLJKW DERYH WKH VRLO VXUIDFH  FP DQG SURYHG WR EH VXFFHVVIXO SURYLGHG WKH ZLQG VSHHG ZDV ORZ






3.5. CO2 soil flux 




VXUIDFH H[SUHVVLRQ DW*LQQLQGHUUDZDV W\SLFDOO\ OHVV ³SDWFK\´ WKDQRWKHU FRQWUROOHG UHOHDVH VLWHV WKDW KDYH JUHDWHU
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3.6. Soil gas concentration 
$Q DUUD\ RI P GHHS VRLO JDVZHOOV SURYLGHG LQVLJKW LQWR WKHPLJUDWLRQ SDWKZD\V RI &2 LQ WKH VXEVXUIDFH
VKRZLQJDPXFKEURDGHUGLVSHUVLRQRI&2LQWKHVXEVXUIDFHFRPSDUHGWRWKHVXUIDFH&2H[SUHVVLRQ)RUWKHHDUO\
ZHWUHOHDVH&2VXUIDFHH[SUHVVLRQZDVUHVWULFWHGWRWKHHDVWHUQSDUWRIWKHKRUL]RQWDOZHOO)LJFH9HU\











DUHPDUNHG JUHHQ DQG RUDQJH UHVSHFWLYHO\ LQ )LJXUH FI 7KRVHZHOOV ZLWK HOHYDWHG &2ZHUH DOO LGHQWLILHG DV
H[RJHQRXV&2DGGLWLRQVXVLQJWKHVRLOJDVUDWLRV
3.7. Eddy covariance 
(GG\FRYDULDQFH(&WRZHUVZHUHGHSOR\HGDWWKHVLWHIRUGLIIHUHQWH[SHULPHQWVZLWKWKHREMHFWLYHWRGHWHFWDQG
TXDQWLI\ &2 HPLVVLRQV 'XULQJ WKH  H[SHULPHQW WZR (& WRZHUV ZHUH LQVWDOOHG DW WKH VLWH 7RZHU $ ZDV
DSSUR[LPDWHO\P6((IURPWKHFHQWUHRIWKHPDLQSOXPHZKHUHDVWRZHU%ZDVP6(RIWKHPDLQSOXPH)LJ
7KHFORVHU7RZHU%ZDVRSHUDWLRQDO IRURQO\ZHHNVGXULQJ WKHUHOHDVH&2 OHDNVZHUHGHWHFWHGDERYH WKH
EDFNJURXQG DQG WKH GLUHFWLRQ RI WKH OHDN FRQILUPHG LQGHSHQGHQWO\ IRU ERWK WRZHUV )LJ  +RZHYHU DQDO\VLV
VKRZHGWKDWFXUUHQWPHWKRGVRI(&DUHQRWDSSURSULDWHIRUTXDQWLI\LQJWKH&2OHDNDVPXFKRIWKH&2IOX[LVORVW
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)LJ/D\RXWRIHGG\FRYDULDQFHWRZHUVDQGWKHLUDVVLJQHGGLUHFWLRQUDQJHIRUGHWHFWLRQ7RZHU$ qWRq7RZHU%qWRq
3.8. Open path laser CO2 measurements 
$%RUHDO RSHQ SDWK ODVHU ZDV XVHG WR VFDQ DFURVV WKH SOXPH LQ WKH ILHOG RQ 'HFHPEHU  XVLQJ VHYHQ
UHIOHFWRUVDOODWWKHPKHLJKW7KHLQWHJUDWHG&2SDWKUHVSRQVHVDUHFRQVLVWHQWZLWKWKHVXUIDFHH[SUHVVLRQRIWKH













ZKLFK ZDV FRQYLQFLQJO\ GHWHFWHG WKLV OHDN DOVR VKRZHG XS LQ WKH WKHUPDO LQIUDUHG K\SHUVSHFWUDO LPDJHU\ 7KH
SDWWHUQ RI FRQGXFWLYLW\ DSSHDUV WR EH FDXVHG E\ IOXYLDO JUDYHO GHSRVLWV OLQNHG WR D SUHDJULFXOWXUH FUHHN EHG
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H[DPLQDWLRQRIZDWHUDQGZDVWHZDWHUVWHG:DVKLQJWRQ'&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
>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(QYLURQPHQWDO(DUWK6FLHQFHV
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>@-RQHV'*%DUNZLWK$.$3+DQQLVD6/LVWHUD75*DOE)*UD]LDQLF6%HDXELHQ6(DQG:LGRU\'0RQLWRULQJ RIQHDU
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LQSUHVV
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